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ABSTRACT
This study was carried out to determine the chemical composition, antinutrient and phytonutrient contents of  some 
wild fruits, namely African star apple (Chrysophyllum albidum G. Don.), hog plum (Spondias mombin Linn.), bush mango 
(Irvingia gabonensis Baill.) and monkey cola (Cola millenii K. Schum.). Samples of  the wild fruit commonly consumed were 
collected from some villages in Ido Local Government Area, Oyo State Nigeria. The wild fruits were analysed for 
phytonutrients, antioxidants and mineral composition. Ranges of  total phenolics and total anthocyanin content of  
these wild fruits were 27.78 ± 6.01 in I. gabonensis, 57.42 ± 4.47 in S. mombin, 121.29 ± 4.97 in C. millenii and 398.23 
± 0.00 in C. albidum respectively. Significant differences (p < 0.05) were found in antinutrient, phytonutrient and 
mineral composition of  C. albidum, I. gabonensis and C. millenii. The analysis of  variance revealed that calcium and 
manganese contents of  I. gabonensis were significantly (p < 0.05) higher than those of  C. albidum and C. millenii. The 
antioxidants especially vitamin C content ranged from as low as 15.87 mg/100 g in C. albidum to as high as 204.86 
mg/100 g in S. mombin. The values for total carotenoid ranged from 172.77 µg/100 g (in C. millenii) to 1380.17 µg/100 
g (in C. albidum). The wild fruits are sources of  phytonutrients, antioxidants such as vitamin C, total carotenoids and 
some minerals. Planting of  the wild fruit trees or the incorporation in farming systems should thus be encouraged to 
increase production and availability to consumers and as industrial raw materials.
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Introduction 
Fruits and vegetables have plenty of  natural 
antioxidants, especially vitamin C and E. Contained 
in fruits are beta-carotene, phenolic compounds, 
such as anthocyanin and other flavonoids, which 
showcase a wide range of  biological benefits, 
including antioxidant (Elliot, 1992), anti-
inflammatory (Bertuglia et al., 1985; Borissora et 
al., 1994) and anticarcinogenic properties (Hou 
2003; Hou et al., 2004; Kang et al., 2003; Bomser 
et al., 1996). When fruits and vegetables, as well as 
antioxidant rich supplements, are taken in substantial 
amounts, there is a release of  antioxidants into the 
body which literally come between free radicals 
and the body’s healthy molecules. By offering up 
electrons, antioxidants stabilize free radicals and 
prevent further damage. These antioxidants are 
available in fruits and even wild fruits. The wild 
fruits are coloured fruits, which may be due to the 
presence of  carotenoids and phytonutrients as these 
are responsible for colours in plants. However, 
data are missing for phytonutrient composition 
of  these wild fruits. Vitamin C, carotenoids and 
plant pigments such as anthocyanin have powerful 
antioxidant capability and are responsible for 
the colour of  many fruits. Despite the fact that 
wild fruits are widely consumed and tend to be 
nutritious (Umaru, et al., 2007; Abitogun 2010), 
there is still lack of  sufficient information on the 
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phytonutrient composition of  these wild fruits.  An 
understanding and knowledge of  the composition 
of  antioxidants in these wild fruits may encourage 
wider acceptability and utilisation as antioxidant 
resources and consumption as fruit or for 
nutraceutical purposes. Thus, this paper determined 
the micronutrient and phytonutrient composition 
of  some wild fruits in South West Nigeria. 
Materials and Methods 
Sampling procedure 
Oyo State, which is one out of  six states in South 
West Nigeria was randomly selected for the study. 
Six out of  30 local government areas (LGAs) in 
Oyo State were selected based on the concentration 
of  the wild fruits. Four wild fruits, namely African 
star apple (Chrysophyllum albidum G. Don.), hog 
plum (Spondias mombin Linn.), bush mango (Irvingia 
gabonensis Baill.) and monkey cola (Cola millenii K. 
Schum.) were sampled from the major villages within 
the six LGAs (Ido, Ona Ara, Lagelu, Akinyele, 
Oluyole and Egbeda) of  Oyo State, South West 
Nigeria.   
Analysis of mineral composition
Edible portion (1 g) of  the ground was digested 
using nitric acid and perchloric acid and made to a 
final volume of  25 ml. The digest was made up to 
100 ml in a standard flask. The atomic absorption 
spectrophotometer was used to determine all the 
minerals (except phosphorus) using appropriate 
lamps. Phosphorus was determined with 
vanadomolybdate using a spectrophotometer at 425 nm 
while sodium and potassium were determined with 
flame photometer (AOAC, 2005).  
Determination of phytonutrients
Determination of  total phenolic content
The total phenolic content of  the samples was 
determined according to the spectrophotometric 
method based on the ability of  the phenolic 
substances to form blue molybdenum – tungstic 
complex with the reagent Folin-Ciocalteu (Singleton 
and Rossi, 1965). The total phenol content was 
determined by mixing 0.5 ml aliquot (0.2 g of  the 
sample extracted by 20 ml 70% acetone) with an 
equal volume of  water, 0.5 ml Folin-Ciocalteu’s 
reagent and 2.5 ml of  sodium carbonate were 
subsequently added. The absorbance was measured 
after 40 min at 725 nm (Singleton et al., 1999).
Determination of total monomeric anthocyanin 
by the pH differential method 
Solvent extraction
To prepare the sample, 5 g of  the raw and processed, 
was extracted twice with 10 ml of  80% acetone 
containing 0.2% formic acid for 2 min and then 
centrifuged at 20000 G (G = 0.001118rN2 where: r 
= radius of  the curve in metre and N = revolution 
per minute) for 20 min (Zheng, et al., 2003). The 
supernatants were combined and then used for 
analysis of  total anthocyanin.
Anthocyanin analysis
Total anthocyanin was determined by pH-differential 
spectrophotometry at pH 1.0 and pH 4.5. (Guisti 
and Wrolstad, 2000). The spectrophotometer was 
turned on and allowed to warm up to at least 30 
min before taking measurements. Appropriate 
dilution factor for the sample was determined by 
diluting with potassium chloride buffer (pH 1.0) 
until the absorbance of  the sample at the λvis-max 
is within the linear range of  the spectrophotometer 
(i.e. for most spectrophotometer, the absorbance 
should be less than 1.2). The final volume was 
divided by the initial volume to obtain the dilution 
factor. The spectrophotometer standardised with 
distilled water at all wavelengths that were used 
(λvis-max and 700 nm). Two dilutions, one with 
potassium chloride buffer (pH 1.0) and the other 
with sodium acetate buffer (pH 4.5), diluting each 
by the previously determined dilution factor. These 
dilutions were equilibrated for 15 min. 
The absorbance of  each dilution at the λvis-max 
and at 700 nm against a blank cell filled with distilled 
water was measured. The absorbance of  the diluted 
sample (A) was calculated as follows:
A = (A λvis-max – 700 nm) pH 1.0 – (A λvis-max – 700 
nm) pH 4.5
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The monomeric anthocyanin pigment concentra-
tion in the original sample using the following 
formula:
Monomeric anthocyanin pigment (mg/litre) = (A 
× MW × DF ×100)/ (ε ×1)
 Where:
 MW is the molecular weight
 DF is the dilution factor (for example if  a  
 0.2 ml is diluted to 3 ml (DF = 15),
 and is the molar absorptivity.
For each analysis, the samples were in replicates 
and the means were recorded.
Statistical analysis: Data generated were to be 
subjected to analysis of  variance (ANOVA) using 
Statistical Package for Social Sciences (SPSS) 13.0 
version  to determine the significant difference.
Method validation: The accuracy of  the concen-
trations determined in the study was checked by 
measurement of  reference materials SRM No. 2383 
Baby Food Composite from the National Institute 
of  Standards and Technology of  the Department 
of  Commerce, United States of  America. 
Results and Discussion 
The identified wild fruits were collated in scientific 
common and local names (Table 1) and the results 
of  phytonutrients, antioxidants and mineral 
compositions are presented in Tables 2 – 4. 
Table 1: Common and local names of  the wild fruits
The scientific name The common name The local name
C. albidum (Sapotacaea) African star apple Agbalumo (Nigeria)
  Chike (Nigeria)  
  Udara (Nigeria)  
  Laasa (Ghana)
S. mombin (Anacardiaceae) Hog plum Iyeye (Nigeria)
 Yellow mombin Cajá (Brazil)
 Ashanti plum Taperita (Inia)
 Golden apple Java plum 
I.gabonensis (Irvingiaceae) Bush mango Oro (Nigeria)
 Wild mango Oba (Nigeria)
 African mango Bobo (Sierra Leone)
  Boboru ((Ivory Coast)
  Wanini (Ivory Coast)
  Andok (Cameroon)
  Meba (Zaire)
  Mueba (Zaire)
C. millenii (Sterculiaceae)  Monkey cola Obi edun (Nigeria)
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Phytonutrients and antioxidants content
The total phenolic content ranged from 121.39 mg 
/100 g in C. millenii to 298.23 mg/100 g in C. albidum 
(298.23 mg/100 g). Values for total anthocyanin 
varied from 27.78 mg/100 g in I. gabonensis to 
57.42 mg /100 g in S. mombin (Table 2).
Total phenol content of  C. millenii was significantly 
(p < 0.05) lower than those of  I. gabonensis and 
C. albidum which have similar contents. For 
anthocyanin analysis, the total anthocyanin content 
of I. gabonensis was significantly (p < 0.05) lower 
than those of  C. millenii and C. albidum. 
Vitamin C content ranged from 15.87 mg/100 g 
in C. albidum to as high as 204.86 mg/100 g in S. 
mombin. The values for total carotenoid were from 
172.77 µg/100g in C. millenii to 1380.17 µg/100 g 
in C. albidum (Table 3). Vitamin C content of  C. 
millenii and I. gabonensis was significantly (p < 0.05) 
higher than that of  C. albidum.
Table 2: Phytonutrient composition of  the wild fruits (mg/100 g) fresh pulp
Parameter C. albidum S. mombin I. gabonensis C. millenii
Total phenolics 398.23a  ± 0.00 367.36c ± 9.53 382.20a ± 24.37 121.39b  ± 4.97
Total anthocyanins 52.25a ± 0.00 57.42c ± 4.49 27.78b ± 6.01 48.75a ± 6.06
Results are mean of  three (3) determinations ± SD 
Means along the same row with different superscripts are significantly different (p < 0.05)  
Table 3: Total antioxidant content of  wild fruits
Parameter C. albidum S. mombin I. gabonensis C. millenii
Vitamin C (mg/%) 15.87b ± 0.91 204.86c ± 0.36 76.07a ± 2.31 73.30a ± 3.54
Total carotenoid (µg/100g) 1380.17a ± 37.87 381.62d ± 0.87 1267.6b ± 37.49 172.77c ± 1.47
Means along the same row with different superscripts are significantly different (p < 0.05)
The highest value of  vitamin C was observed in 
S. mombin, while others had lower values, with C. 
albidum having the lowest vitamin C content (Table 
3). Values as high as 300 mg% have been reported 
for guava, 112 mg% for pawpaw (Carica papaya), 43 
mg% for orange and 179.8 mg% for cashew nuts 
(Oyenuga, 1968). Edet et al. (1984) reported a total 
value of  ascorbate of  Treculia africana to be more 
than twice the value obtained in S. mombin while 
Eromosele et al. (1991) reported higher values 
of  vitamin C in Adansonia digitata (Baobab) and 
Sclerocarya birrea (African plum). The study also 
revealed that vitamin C content of  I. gabonensis 
and C. millenii were significantly (p < 0.05) higher 
than that of  C. albidum, meaning that I. gabonensis 
and C. millenii are good sources of  vitamin C which 
helps to combat infections, form collagen, make 
teeth firm in gums, improve iron absorption and 
prevents scurvy.
The phenolics content obtained in this study 
was highest in C. albidum and lowest in C. millenii. 
Marinova et al. (2005) reported higher values in 
blueberries, dogwood berries and sour cherry. 
The total phenolics content of  C. albidum and I. 
gabonensis was significantly (p < 0.05) higher than 
that of  C. millenii. Occurrence of  abundance of  
polyphenol antioxidants in these wild fruits is 
associated with various salutary effects in humans. 
Reduction in inflammatory effects such as coronary 
artery disease (Muldoon and Kritchevsky, 1996; 
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Cooke, 2002), including specific medical research 
into the pathways of  improved endothelial health 
via down regulation of  oxidative LDL (Serafini et 
al., 2000). Among the beneficial effects are anti-
aging consequences such as slowing the process of  
skin wrinkling (Vieira et al., 1998). For some of  the 
side benefits (such as the prevention of  peripheral 
artery disease), further research is continuing to 
clarify the role of  polyphenol antioxidants (Fito, et 
al., 2000).
Anthocyanins are one class of  flavonoid compounds 
which are widely distributed plant pigments. The 
anthocyanin content of  these wild fruits was a 
bit higher than that obtained by Kähkönen et al. 
(2001) in cowberry, raspberry, strawberry and red 
currant except in C. millenii. Higher values were 
reported by Valchera-Kuzmanova et al. (2007) in 
black chokeberry and Kähkönen et al. (2001) in 
blackcurrant and bog-whortleberry.  The values 
of  total anthocyanins in C. albidum and C. millenii 
were significantly (p < 0.05) higher than that of  I. 
gabonensis. Studies have shown anthocyanins’ positive 
influences on a variety of  health conditions, which 
include anti-inflammatory properties (Bertuglia et 
al., 1995), which affect collagen and the nervous 
system (Joseph, 1999) and their ability to protect 
both large and small blood vessels from oxidative 
damage (Wang and Jiao, 2000; Andriambeloson, 
1998; Bertuglia et al., 1995).          
Mineral composition of selected wild fruits
The calcium content ranged from 75.27 mg/100 g 
in C. albidum to 156.22 mg/100 g in S. mombin. The 
content of  zinc and iron ranged from 0.26 mg/100 
g in C. millenii to 3.17mg/100g in C. albidum and 
ranged from 0.85 mg/100 g in C. millenii to 14.59 
mg/100 g in S. mombin respectively (Table 4). The 
values for magnesium ranged from 68.16 mg/100 
g in C. millenii to as high as 2108.11 mg/100 g in S. 
mombin. Phosphorus ranged from 42.53 mg/100 g in 
C. millenii to 193.51 mg/100 g in S. mombin. Sodium 
values ranged from 11.22 mg/100 g in C. millenii to 
as high a value as 1297.30 mg/100 g in S. mombin. 
Manganese content ranged from as low as 1.08 
mg/100 g in S. mombin to as high as 54.87mg/100g 
in I. gabonensis. Among all the minerals, potassium is 
the most abundant in C. albidum (1120.63 mg/100 
g) and I. gabonensis (1113.91 mg/100 g), although 
lower in C. millenii (1103.46 mg/100 g) and S. 
mombin (1054.05 mg/100 g). 
Table 4: Mineral content of  the wild fruits (mg/100 g) dry weight 
Parameter C. albidum S. mombin  I. gabonensis C. millenii
Ca 75.27b ± 0.06 156.22c ± 0.04 117.99a ± 0.53 87.17b ± 11.18
Mg 75.23b ± 0.61 2108.11d ± 28.28 103.5a ± 2.34 68.16c ± 4.45
P 73.87a ± 0.93 193.51d ± 0.42 56.70b ± 0.82 42.53c ± 2.91
K 1120.63a ± 1.97 1054.05b ± 21.21 1113.91a ± 58.00 1103.46a ± 9.38
Zn 3.17a ± 0.06 1.08a ± 0.02 0.65b ± 0.10 0.26c ± 0.03
Cu 0.01b ± 0.00 0.54a ± 0.02 0.01b ± 0.00 0.00b
Fe 2.17a ± 0.06 14.59c ± 0.22  1.92b ± 0.13 0.85c ± 0.03
Mn 45.27b ± 0.06 1.08 ±  0.02c 54.87a ± 0.55 40.52b ± 4.63
Se 0.01b ± 0.00 0.00b 0.01b ± 0.00 0.01b ± 0.00
Na 12.30a ± 0.10 1297.30b ± 14.14 12.28a ± 1.63 11.22a ± 0.21
Results are mean of  three (3) determinations ± SD.
Means along the same row with different superscripts are significantly different (p < 0.05).
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There was a non-significant difference in potassium 
content of  these wild fruits. Calcium and manganese 
content of  I. gabonensis was significantly (p < 0.05) 
higher than those in C. albidum and C. millenii which 
have similar contents. This implies that C. albidum 
can be substituted for C. millenii in terms of  calcium 
and manganese. 
Higher values of  calcium were obtained for I. 
gabonensis and S. mombin slightly above the value 
of  127 mg% according to FAO (1968) report on 
Treculia africana while C. albidum and C. millenii had 
lower values. Magnesium content of  S. mombin in 
this study was higher than the value reported by 
Edet (1982) in Treculia africana while the values 
of  other fruits were lower. FAO (1968) report on 
Treculia africana indicated 317 mg% for phosphorus, 
a value higher than those obtained in the fruits 
studied. Ekpenyong (1985) reported higher values 
of  364.0 mg% and 381.8 mg% phosphorus in 
Treculia africana. 
Oyenuga (1968) analysed pawpaw and banana 
and obtained the following values: 15.8 mg% 
for calcium, 7.4 mg% for phosphorus. 0.4 mg% 
for iron respectively for pawpaw and 7.0 mg%, 
40.0 mg% and 0.9 mg% respectively for calcium, 
phosphorus and iron in banana. These values were 
lower compared with values obtained in the fruits 
studied except for the iron value of  banana which 
is similar to that obtained in C. millenii. Values 
of  16.0 mg% for calcium and 0.1 mg% for iron 
were reported for passion fruit by Ihekeronye and 
Ngoddy (1985). Calcium and manganese contents 
of  I. gabonensis were significantly (p < 0.05) higher 
than those in C. albidum and C. millenii which have 
similar values. 
The potassium content of  these wild fruits was 
high, about twice the values reported by Ekpenyong 
(1985) in Treculia africana, i.e 601.1 mg% and 585 
mg% respectively. Almost similar values of  sodium 
were obtained in C. albidum, I. gabonensis and C. 
millenii except S. mombin with a very high value of  
1297.30 mg%. Edet (1982) reported 7.0 mg % sodium 
in Treculia africana, a value lower than what was 
obtained in this study. Almond fruits (Terminalia 
catappa) have been shown to produce a good source 
of  mineral element by Jeremiah (1992). The fruit 
pulp contains 6.43 mg% iron, 0.55 mg% zinc, 199.7 
mg% sodium and 254.8 mg% potassium. There 
was a non-significant difference in potassium 
content of  C. albidum, I. gabonensis and C. millenii. 
The results showed high potassium and low 
sodium contents of  these fruits which make them 
suitable as part of  a hypertensive diet (Valcheve-
Kuzmanova et al., 2007). As reported by Cooper et 
al. (1997), Van der Sande et al. (1997) and Amoah et 
al. (2002), low potassium and high sodium are one 
of  the risks factors of  hypertension among West 
African populations. Though literature reports on 
some fruits may indicate varying figures for mineral 
contents, there is sufficient evidence to justify the 
importance of  a number of  wild fruits as sources 
of  minerals in the nutrition of  mankind.
Conclusion and Recommendation 
The wild fruits studied especially S. mombin, I. 
gabonensis and C. millenii contain appreciable amounts 
of  vitamin C, a water soluble vitamin which resists 
infections and acts as a powerful antioxidant. 
C. albidum and I. gabonensis have high carotenoid 
content, a precursor of  vitamin A, which promotes 
the vision in dim light. C. albidum and I. gabonensis 
contain a high amount of  total phenolics while C. 
albidum and C. millenii have high total anthocyanins 
content.  
This study reveals high potassium and low sodium 
content of  wild fruits, with the exception of  S. 
mombin which has high sodium content and as such 
can be recommended for hypertensive patients and 
people suffering from severe acute malnutrition. 
This information on nutrient, antinutrient and 
phytonutrient content can serve as a basis for 
assessment of  the preventive role of  fruits against 
free radicals and will raise the food composition 
database. 
• Domestication of  these wild fruits through 
planting or the incorporation in farming systems 
to increase production and availability to 
consumers and industries is highly recommended.
Phytonutrient, Antioxidant and Mineral Composition of some Wild Fruits in South West Nigeria ... Olayiwola et al.     39
References
Abitogun A.S. (2010). Nutritional and chemical composition 
of  ripe and unripe fruit vitex Clandifolia. Jn of  Res in National 
Development. 8: 1 – 7. Online.http.www.transcencampus.open.  
AOAC (2005). Association of  Official Analytical Chemists. 
Washington DC, USA. 
Amoah, A.G., Owusu, S.K. and Adjei, S. (2002). Diabetes in 
Ghana: A community based prevalence study in Greater Accra. 
Diabetes Res Clin Pract. 56 (3): 197 – 205.
Andriambeloson, E. et al. (1998). Natural dietary polyphenolic 
compounds cause endothelium-dependent vasorelaxation in 
rat thoracic aorta. J. Nutr 128 (12) 2324 – 2333.
Bertuglia, S., Malandrino, S. and Colantuoni, A. (1995). 
Effect of  vaccinium myrtillus anthocyanosides on ischemia 
reperfusion injury in hamster cheek pouch microcirculation. 
Pharmacol Res 31 (3-4): 183 – 187.
Bomser, J., Madhavi, D., Singletary, K. and Smith, M.A. (1996). 
In vitro anticancer activity of  fruit extracts from Vaccinium 
species. Planta Med 62 (3): 212 – 216.
Borissora, P., Valcheva, S. and Belcheva, A. (1994). Anti-
inflammatory effect of  flavonoids in the natural juice from 
Aronia melanocarpa, rutin and rutin-magnesium. Complex on 
an experimental model of  inflammation induced by histamine 
and serotonin. Acta Physiol Pharmacol Bulg 20 (1): 25 – 30.
Cooke, J.P. (2002). The Cardiovascular Cure. Random House Inc., 
New York, p. 246.
Cooper, R.S., Rotimi, C.N. and Ataman, N. (1997). The 
prevalence of  hypertension in seven population of  West 
Africa. Am J. Public Health. 87: 160 – 168.  
Edet, E.E., Eka, O.U. and Ifon, E.T. (1984). Chemical 
evaluation of  nutritive value of  seeds of  African breadfruit 
(Treculia africana). Food Chemistry 17: 41 – 47. 
Ekpenyong, T.E. (1985). Chemical composition and amino 
acid content of  African breadfruit (Treculia africana). Food 
Chemistry 17: 59 – 64.
Elliot. (1992). Inhibition of  glutathione reductase by 
flavonoids. A structure-activity study. Biochem Pharmacol 44 (8): 
1603 – 1608.
Eromosele, I.C., Eromosele, C.O. and Kuzhkuzha, D.M. (1991). 
Evaluation of  mineral elements and ascorbic acid contents in 
fruits of  some wild plants. Plant Food Hum Nutr. 41: 53 – 57.
FAO. Food and Agricultural Organization (1968). Food 
Composition Tables for Use in Africa, pp 226 – 228. Rome.
Fito, M., Covas, M.I., Lamuela-Raventos, R.M., Vila, J., 
Torrents, L., de la Torre, C. and Marrugat (2000). Protective 
effect of  olive oil and its phenolic compounds against low 
density lipoprotein oxidation. J Lipds 35 (6): 633 – 8.
Guisti, M.M. and Wrolstad, R.E. (2000). Characterization and 
measurement of  anthocyanins by UV-Visible spectroscopy. 
Current protocols in Food Analytical Chemistry Unit F1.2 
John Wiley and Sons Inc., pp 1 – 13.
Hou, D.X. (2003). Potential mechanisms of  cancer 
chemoprevention by anthocyanins. Curr Mol Med. 3 (2): 149 
– 159.
Hou, D.X., Kai, K., Li, J.J., Lin, S., Terahara, N., Wakamatsu, M., 
Fujii, M., Young, M.R. and Colbum, N. (2004). Anthocyanidins 
inhibit activator protein I activity and cell transformation: 
Structure activity, relationship and molecular mechanism. 
Carcinogenesis 25 (1): 29 – 36.
Ihekeronye, A.I. and Ngoddy, P.O. (1985). Integrated Food Science 
and Technology for the Tropics. London, MacMillan Publisher’s 
Ltd, pp 266 – 282 and 366 – 368.
Jeremiah, E.A. (1992). Chemical evaluation of  the nutritional 
quality of  almond fruit (Terminalia catappa) (Unpublished 
result).
Joseph, J.A. (1999). Reversals of  age related declines in neuronal 
signal transduction, cognition, and motor behavioral deficits 
with blueberry, spina strawberry dietary supplementation. J. 
Neurosci 19 (18): 8114 – 8121. 
Kähkönen, M.P., Hopia, A.I. and Heinonen, M. (2001). Berry 
phenolics and their antioxidant activity. J. Agric. Food. Chem. 49: 
4076 – 4082.
Kang, J.H., Pasquale, L.R., Willett, W., Rosner, B., Egan, 
K.M., et al. (2003). Antioxidant intake and primary open-angle 
glaucoma: A prospective study.  American Journal of  Epidemiology 
Vol. 158, No. 4 DOI: 0.1093/aje/kwg167. 
Marinova, D., Ribarova, F. and Atanassova, M. (2005). 
Total phenolics and total flavonoids in Bulgarian fruits and 
vegetables. J. Univ. Chem. Tech. Metal. 40: 255 – 260. 
Muldoon, M.F. and Kritchevsky, S.B. (1996). Flavonoids and 
heart disease. Brit Med J. 312: 458 – 459.
Oyenuga, V.A. (1968). Nigerian Foods and Feeding Stuffs: Their 
Chemistry and Nutritive Value. Ibadan University Press, Ibadan, 
Nigeria, p 15.
Serafini, M., Laranjinha, J.A., Almeida, L.M. and Maiani, G. 
(2000). Inhibitor of  human LDL lipid peroxidation by phenol-
rich beverages and their impact on plasma total antioxidant 
capacity in humans. J. Nutr Biochem 11 (11 – 12): 585 – 590.
Singleton, V.L. and Rossi, J.A. (1965). Colorimetry of  total 
phenolics with phosphomolybdic phosphotungstic acid 
reagents. Am J Emol Viticult 16: 144 – 158.
Singleton, V.L., Orthofer, R. and Lamuela-Raventos, R.M. 
(1999). Analysis of  total phenols and other oxidation substrates 
and antioxidants by means of  Folin-Ciocalteu reagents. Methods 
in Enzymol. 299: 152 – 178.
Umaru, H.A., Adamu, R. and Nadro, M.S. (2007). Levels of  
antinutritional factors in some wild edible fruits in Northern 
Nigeria. Afr. J. Biotech. 6: 1935 – 1938.
40        Nigerian Food Journal  Vol. 31 No. 2, 2013 ...  Research  Note
Valcheve-Kuzmanova, S., Kumanov, K., Mihova, V., Krasnaliev, 
I., Borisova, P. and Belcheva, A. (2007). Antihypertensive effect 
of  Aronia melanocarpa fruit juice in rats fed a high-cholesterol 
diet. Plant Food Hum Nutr. 62: 19 – 24.
Van der Sande, M.A., Bailly, R., Faal, H., Banya, W. A.S., Dolin, 
P., Nyan, O.A., Ceesay, S.M., Walraven, G.E., Johnson, G.J. 
and McAdam, K.P. (1997). Nationwide prevalence study of  
hypertension and related non communicable diseases in The 
Gambia. Tropical Medicine and International Health 2 (11): 1039 
– 1048.
Vieira, O., Escargueil-Blanc, I., Meilhac, O., Basile, J.P., 
Laranjinha, J., Almeida, L., Salvayre, R. and Negre-Salvayre, A. 
(1998). Effect of  dietary phenolics compounds on apoptosis 
of  human cultured endothelial cells induced by oxidized LDL. 
Br J Pharmacol 123 (3): 565 – 573.
Wang, S.Y. and Jiao, H. (2000). Scavenging capacity of  berry 
crops on superoxide radicals, hydrogen peroxide, hydroxyl 
radicals, and singlet oxygen. J Agric Food Chem 48 (11): 5677 
– 5684.
Zheng, Y., Wang, C.Y., Wang, S.Y. and Wei, Z. (2003). Effects of  
high-oxygen atmosphere on blueberry phenolics, anthocyanins 
and antioxidant capacity. J Agric Food Chem. 51 (24): 7162 – 
7169.
